Abstract
mechanism. Simultaneous and true common volume measurements of all the parameters used 26 in this derivation, i.e. temperature and density of the background air, atomic oxygen density, 27 and volume emission rate, is the novelty and the advantage of this work. that the first mechanism alone has not explained observed emissions (Young and Sharpless, 58 1963; Clyne at al., 1965; Young and Black, 1966; Bates, 1988 of excited molecules and the spontaneous emission coefficient for the given transition:
where A 1 is spontaneous emission for reaction R5 (hereafter, nomenclature RX means the 138 reaction X from Table 1 ). In case of known temperature, volume emission and concentrations 139 of O, O 2 , N 2 , and M, the fraction of recombination can be calculated as follows:
In the case of the two-step mechanism, the unknown excited state 2 * is populated at the first 141 step from the reaction R7. Then, it can be deactivated by quenching (R9), spontaneous 142 emission (R10) or producing 2 � 1 Σ + � by the reaction R8. The concentration of these excited 143 molecules is given by the following expression:
where fraction of recombination α, spontaneous emission coefficient A 3 , quenching rates 
The volume emission in the case
Collecting all known values on the right-hand side (RHS) and all unknown summands on the 151 left-hand side (LHS), equation (6) can be rearranged as follows:
Omitting emissive summand A 3 as non-effective loss (McDade et al., 1986) we can transform 153 (7) into the following expression:
are the fitting coefficients 155 that can be calculated by the least square fit (LSF) procedure. We calculated them based on 156 our measurements and will discuss the results in the following chapter.
Results and Discussion

159
160 Figure 1 shows input data for our calculations: temperature from CONE instrument (Fig. 1a) , 161 number density of air (Fig. 1b) , atomic oxygen concentration measured by FIPEX (Fig. 1c ) 162 and volume emission at 762 nm from photometric instrument (Fig. 1d) Figure 4 depicts the altitude profile of the RHS of equation (8) known α in our work (Table 2) . From Table 2 , it can be seen that only 2 ( ′ 3 Δ ) and 256 2 ( 5 Π ) fit to the criterion of = 0.102⁄ < 1.
257
The second expression that helps to clarify the choice of the precursor is the ratio of 258 quenching rates. In the limit of low quenching with molecular nitrogen � 3 2 ≪ 3 2 �, the ratio 259 of fitting coefficients equals the ratio of the quenching rates of atomic and molecular oxygens coefficients (blue line), and with our fitting coefficients for the two-step mechanism (green 286 line). In the region 90-98 km, i.e. beneath atomic oxygen peak (see Fig. 1d 
where, hereafter, tildes denote that these are values for combined mechanism and do not equal 301 to the values for one-step or two-step mechanisms (Ch. 4.1 and 4.2); 1 = � 3 � 3 2 � and 302 2 = � � are the fitting coefficients, which refer to the ratio of quenching rates and total 303 efficiency for two-step channel, respectively. The fitting coefficients were calculated for two 304 limit cases =0.015 (Wraight, 1982) , =0.03 (Bates, 1988) and for the averaged case =0.022.
305
They are listed in Table 3 . The altitude profile of the RHS of equation (9) (Fig. 7c) case and CIRA-72 case (Fig. 7d) , and with our 317 newly derived fitting coefficients for two-step (Fig. 7a) and combined (̃= 0.022) McDade coefficients for MSIS-83 case (Fig. 7c ) and for CIRA-72 (Fig. 7d) give just one and 330 two point, respectively. Hence, we can recommend our newly derived coefficients either for a 331 two-step energy transfer process or for combined mechanism. We consider combined 332 mechanism more preferable as it is more general. 
where the tilde denotes the combined mechanism, 1 , 1 , 2 2 , 2 2 , 2 , � 3 2 are the ratios for 374 corresponding processes (see Tab. 1) and 2 * is the unknown precursor.
375
Considering this precursor in photochemical equilibrium, we can obtain the following 376 expression for its concentration:
where efficiency �, ̃3 is the unknown spontaneous emission coefficient of 2 * and 378 � 3 2 , � 3 2 , � 3 are the unknown quenching rates for 2 * .
379
Substituting A2 into A1 and into expression for volume emission we obtain:
We assume that, in analogy with two-step mechanism, a spontaneous emission precursor. In this case, A3 can be rearranged as follows:
We defined unknown fitting coefficients 1 ≡ � 3 � 
